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[57] ABSTRACT 

Base station equipment of a digital mobile communication 
system includes a digital audio signal processing apparatus 
provided for each message channel for low bit rate coding 
and decoding a digital audio signal. Each digital audio signal 
processing apparatus includes a plurality of memories that 
store a plurality of low bit rate coding/decoding programs 
differing from each other to comply with different low bit 
rate coding/decoding methods. A system control circuit 
determines the low bit rate coding/decoding method of an 
applied digital signal for controlling a selector to select a 
memory that stores corresponding low bit rate coding/ 
decoding program. As a result, the digital audio signal 
processing apparatus performs digital to digital conversion 
of the applied digital signal according to the low bit rate 
coding/decoding program stored in the selected memory. 

8 Claims, 6 Drawing Sheets 
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FIG. 2 PRIOR ART 
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FIG. 4 
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FIG. 6 
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DIGITAL SIGNAL PROCESSING APPARATUS 
AND A COMMUNICATION SYSTEM USING 
THE SAME 



This application is a division of our patent application 
Ser. No. 08/021,325 filed on Feb. 23, 1993 U.S. Pat No. 
5,400,024. 
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The communication between mobile communication 
exchange station 1 and each- radio communication line 
control station 2 is carried out through a high speed digital 
line. If a digital line of 8 Mbps _is_used., for example^ |L 
plurality 6T message cnannel s. eac h of whichLis formed of || 
di gital data of 64k bps obtained by converting analog audio 



BACKGROUND OF THE INVENTION 
1. Field of the Invention 

The present invention relates to a digital signal processing 
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apparatus and a communication system using the same, and 
more particularly, to a digital signal processing apparatus 
that can comply with a plurality of different low bit rate 
coding methods, and a communication system using the 
same. 

2. Description of the Background Art 
Recently, the development of a digital mobile communi- 
cation system employing a digital data transmission method, 
such as automobile telephone systems and portable tele- 
phone systems, is in progress in Japan, the United States, 
and Europe. In such a digital mobile communication system, 
the transmission rate is im proved J)y„transrmttjngj^gjtal 
audio signaljmco ded in a low bi t rate manner betwee n.either 
a b ase^taBon connected to a publicjteleph pne line or_an 
ISDN line and each terminal equipment coupled to the base 
station via a radio communication line. 

For example, in accordance with the standard of Japanese 3Q 
digital automobile telephone system, the data transmission 
efficiency between the base station and each terminal equip- 

« ment is improved by low bit rate coding (dig ital to dig ital 

I converting) a digital jagnaljtia^ 

I kbpsjnt^ rate 
kbps using VSELP (Vector Sum Excited Linear Prediction) 
technique. In order to realize such data transmission, a 
digital audio signal processing apparatus is provided at both 
the base station side and at each terminal equipment side for 
low bit rate coding a digital audio that is to be transmitted, 
and for decoding a received low bit rate encoded digital 
audio signal. 

FIG. 1 is a block diagram schematically showing the 
structure of an audio processing section of a cellular auto- 
mobile telephone system using the above mentioned VSELP 45 
technique as an example of a digital mobile communication 
system. Transmission from a base station side to the terminal 
equipment side will be described with reference to FIG. 1. 
rA4fclaw_ECM-signal of 64 kbps as a digital audio signal 
| supplied from a public telephone line (PSTN) or an ISDN 
line is subjected to a predetermined multiplexing process by 
a mobile communication exchange station 1 to be provided 
to a radio communication line control station 2. 

More specifically, this mobile communication exchange 
station 1 exchanges data between a mobile communication 
network and a fixed communication network (PSTN or 
ISDN) or another mobile communication network. For that 
purpose, the mobile communication exchange station 1 
controls a plurality of a radio communication line control 
stations 2. The mobile communication exchange station 1, 
which includes a home memory for storing location infor- 
mation as to each mobile terminal equipment, searches for 
a mobile location of each terminal equipment in response to 
railing from the fixed communication network by using the 
home memory and exchange data with the radio communi- 
cation line control station 2 corresponding to the mobile 
location. 
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signal as well as control data, are multiplexed for commu 
nication. 

Radio communication line control station 2 includes two 
data multiplexing and separating circuits_21 and 23. and m 
(m is a positive integer) digital audio signal processing 
apparatuses 22a, 22b, . . . , 22m provided 4aJEjfiillfiL|l 
arnn rdfofl {foe pumbenof messa ge jch 
£gguj|&. Data multiplexing and separating circuit 21 sepa- 
rates the multiplexed, 64>kbps digital audio signal supplied 
from mobile communication exchange station 1 for respec,-, 
l ive message channels to p ro_vjde_single corTe s^y^"^ 

sipal processing ^ ^ ^^^Jpjf* , vi^ 1, %£JliSf 
thelula^aumo sjgna^processing appa ratases i 22g,_22fe, . . 
. , 22m carries out low..bfLrate coding of the appTied 64Tcbps^ 
digital audio signal of eachc&annel into a^^Jjjjgs digital 
audio signal (digital to digital conversion) to provide that 
1 1.2 kbps low bit rate coded signal to data multiplexing and 
separating circuit 23. Data multiplexing and separating 
circuit 23 ti me-di^si onallv m ultiplexes the LI .2,kbos digital 
audio signals "provided from the m digi tal audio signal 
processing apparatuses 22a, 226, . . . , 22m tn provide the 
re suluo n (n isjUMasit frf^ 
. . . , 3«. 

In the case of a mobile communication system of the 
cellular method; the plurality of radio base stations 3a, 32?, 
.... 3n are individually provided in respective correspond- 
ing cells. Each of radio base stations 3a, 3b, . . . , 3n digitally 
modulates the Ume^vision-multiplexed.Qjgita^ audio signal 
and control data suppUeal^mi^Sio communication line 
control station 2 to transmit that ^multiplexed signal, to a< 
plurality of l t amTinal,eQ uipmeiUfcat ar e cinTentiv^ovinfl i n 



the corres ponding cell , via ^corresponding one of antennas 
4a, 4&, . . . , 4n. 

As a result, a radio communication line shown by an 
arrow is established between a terminal equipment 6 
installed in a automobile 5 that is moving in each cell and a 
corresponding radio base station (for example station 3£>). 
Terminal equipment 6 contains a digital audio signal pro- 
cessing apparatus (not shown) equivalent to each of the 
above-described digital audio signal processing apparatuses 
22a, 22b, . . . , 22m for digital-demodulating the time- 
division multiplexed digital signals supplied from a corre- 
sponding radio base, e.g., station 3b, and then separating the 
digital audio signal of 11.2 kbps of the corresponding 
message channel and decoding (digital to digital convert- 
ing)a resulting separated digital audio signal the same into, a 
digital audio signal having the original transmission rate of 
64 kbps. 

The transmission from each terminal equipment to the 
base station will be described with reference to FIG. 1 
hereinafter. A digital audio signal of 1 1.2 kbps that is low bit 
rate encoded by the aforementioned digital audio signal 
processing apparatus not shown,is time-division multi- 
plexed with the control data in the predetermined format to 
be digital-modulated and transmitted from terminal equip- 
ment 6 side. A radio communication line indicated by an 
arrow is established between the terminal equipment 6 and 
a radio base station (for example station 3f>) corresponding 
to the cell in which terminal equipment 6 is moving. Radio 
base station 3b receives digital signals from a plurality of 
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terminal equipment in the cell via an antenna 4b to digital- 
demodulate the received signals. The demodulated digital 
audio, signals and control data of a plurality of channels are 
multiplexed and then provided to radio communication line 
control station 2. 

Digital multiplexing and separating circuit 23 in radio 
communication line control station 2 separates the digital 
audio signals of 11.2 kbps from the multiplexed data 
received from a plurality of radio base stations 3c, 3fc, . . . 
3n for respective message channels to provide correspond- 
ing demultiplexed digital audio signals to digital audio 
signal processing apparatuses 22a, 22b f . . . , 22m. Each of 
digital audio signal processing apparatuses 22a, 22b t 
22m decodes (digital to digital converts) the applied 11.2 
kbps digital audio signal of each channel into a digital audio 
signal of 64 kbps to provide a resulting decoded digital 
signal to data multiplexing and separating circuit 21. Data 
multiplexing and separating circuit 21 multiplexes the 64 
kbps digital audio signals provided from m digital audio 
signal processing apparatuses 22a, 22fr, . . . , 22m and 
provides the result to a public telephone line or an ISDN line 
via mobile communication exchange station 1. 

FIG. 2 is a block diagram schematically showing a 
structure of the digital audio signal processing apparatus 22a 
shown in FIG. 1. Each of the remaining digital audio signal 
processing apparatuses 22b t . . . , 22m has the same structure 
as that of this digital audio signal processing apparatus 22a, 
and their description will not be repeated 

At the time of transmission from the base station side, a 
digital audio signal of 64 kbps (u : law PCM signal) provided 
from data multiplexing and separating circuit 21 of FIG. 1 
is applied to an echo canceler 8 via a terminal 7. Echo 
canceler 8 removes the echo components in the digital audio 
signal generated at a 2 line-4 line conversion unit (well 
known and not shown) included in the public telephone line 
network. The digital audio signal provided from echo can- 
celer 8 is supplied to a well known digital signal processing 
circuit (high speed DSP) 9 such as MOTOROLA DSP561 1 6 
for converting a digital audio signal having a transmission ^ 
rate of 64 kbps and a digital audio signal having a trans- 
mission rate of 11.2 kbps to each other. A signal processing 
program for digital to digital conversion by the VSELP 
technique is stored in a memory (ROM) 10 to be executed 
by digital signal processing circuit 9. Digital signal process- 4J 
ing circuit 9 converts (tow bit rate encodes) a digital audio 
signal of 64 kbps to a digital audio signal of 11.2 kbps in 
accordance with the program stored in memory 10 to 
provide the obtained signal to data multiplexing and sepa- 
rating circuit 23 (FIG. 1) via a terminal 11. In the apparatus 
of FIG. 2, each of terminals 7 and U is shared for input and 
output for simplification of description. 

At a the time of reception at the base station side, digital 
signal processing circuit 9 converts (decodes) a digital audio 
signal of 11.2 kbps supplied from data multiplexing and 55 
separating circuit 23 of FIG. 1 into a digital audio signal of 
64 kbps in accordance with the program stored in memory 
10 to provide the obtained signal to data multiplexing and 
separating circuit 21 (FIG. 1) via echo canceler 8 and 
terminal 7. The above-described digital mobile communi- $o 
cation system is disclosed in, for example, "Design Concept 
of Speech Processing Equipment for Digital Land Mobile 
Communication Systems" 2-411 of National Conference of 
IECE, Spring 1991. 

Although highly efBcient data transmission can be carried 65 
out in the above-described digital mobile communication 
system of VSELP method by low bit rate coding a digital 
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audio signal into a transmission rate of 1 1 .2 kbps t there may 
be a case where the transmission rate is further reduced and 
the number of communication slots increased to further 
improve the transmission rate. More specifically, a low bit 
rate coding method employing a different transmission rate 
other than the low bit rate coding method employing the 
aforementioned transmission rate of 11.2 kbps, can be 
considered. 

For example, the low bit rate coding using the transmis- 
sion rate of 11.2 kbps (full rate) has been adopted by the 
current standard of the digital cellular system, so that signals 
of three channels are multiplexed to be transmitted through 
the radio communication line having the transmission rate 
of42 kbps. On the other hand, there is a plan of further 
reducing the transmission rate to 5.6 kbps (half rate) in the 
future, so that six channels can be multiplexed at the 
maximum. 

Therefore, during the period for changing from full rate to 
half rate, there may be a case where digital audio signals by 
low bit rate coding methods of a plurality of different 
transmission rates are mixed in one digital mobile commu- 
nication system. In such a case, a plurality of digital audio 
signal processing apparatus (for example, 22a, 22b, ..... 
22m of FIG. 1) must be provided for each low bit rate coding 
method, i.e. for each transmission rate, resul ting in signifi - 
cant increase in the size of the a ppara tus at the base station . 
Furthermore, the manufacturing cost will increase. 

It is often difficult from the standpoint of structure to add 
a digital audio signal processing apparatus corresponding to 
a low bit rate coding method of a different transmission rate 
after provision of a digital audio signal processing apparatus 
corresponding to a low bit rate coding method of the 
transmission rate of 11. 2kbps, for example, in the base 
station, and there is a possibility of the original communi- 
cation service being interrupted in the worst case. 

SUMMARY OF THE INVENTION 

In view of the foregoing, an object of the present inven- 
tion is to provide a digital signal processing, apparatus that 
can comply with a plurality of different low bit rate coding 
methods without increase in the size and manufacturing cost 
of the apparatus and a communication system using the 
same. 

A digital signal processing apparatus according to the 
present invention includes a digital signal processing circuit 
for converting, on a digital-to-digital basis, an applied digital 
signal into a digital signal of a different transmission rate 
according to a given low bit rate coding/decoding program, 
a plurality of memories for respectively storing a plurality of 
low bit rate coding/decoding programs different from each 
other, a system control circuit for determinating the low bit 
rate coding/decoding method of the applied digital signal to 
control the digital signal processing circuit based on the 
result of the determination, and a selector for selecting a 
memory.out of the plurality of memories, that stores the low 
bit rate coding/decoding program corresponding to the low 
bit rate coding/decoding method determined by the system 
control circuit, wherein the digital signal processing circuit 
carries out digital to digital conversion according to the low 
bit rate coding/decoding program stored in the memory 
selected by the selector. 

According to another aspect of the present invention, the 
digital signal processing apparatus includes a digital signal 
processing circuit for digital to digital converting an applied 
digital signal into a digital signal of a different transmission 
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rate according to a given low bit rate coding/decoding 
program, a plurality of memories for respectively storing a 
plurality of low bit rate coding/decoding programs different 
from each other, a RAM for temporarily storing any of the 
plurality of low bit rate coding/decoding programs, and a 
system control circuit for deternuning the low bit rate 
coding/decoding method of the applied digital signal to 
select a memory storing the low bit rate coding/decoding 
program corresponding to the determined low bit rate cod- 
ing/decoding method out of the plurality of memories and to 
transfer the low bit rate cooing/decoding program stored 
therein to the RAM, wherein the digital signal processing 
circuit carries out digital to digital conversion according to 
the low bit rate coding/decoding program transferred to and 
stored in the RAM. 

According to a further aspect of the present invention, a 
communication system includes base station equipment con- 
nected to a public telephone line, and terminal equipment 
coupled to the base station equipment via a radio commu- 
nication line. Specifically the base station equipment 
includes a first digital signal processing circuit correspond- 
ing to each message channel The first digital signal process- 
ing circuit digital to digital converts a digital signal provided 
from the public telephone line or the terminal equipment 
into a digital signal of a different transmission rate according 
to a given low bit rate coding/decoding program. The base 
station, also includes a plurality of memories for respec- 
tively storing a plurality of different low bit rate coding/ 
decoding programs, a system control circuit for determining 
the low bit rate coding/decoding method of the applied 
digital signal to control the digital signal processing circuit 
based on the result of the determination, and a selector for 
selecting a from the plurality of memories, that stores the 
low bit rate coding/decoding program corresponding to the 
low hit rate coding/decoding method determined by the 
system control circuit The base station digital signal pro- 
cessing circuit converts, on a digital-to-digital basis, accord- 
ing to the low bit rate celling/decoding program stored in the 
memory selected by the selector. The terminal equipment 
includes a second digital signal processing circuit for con- 
verting, also on a digital-to-digital basis, a digital signal 
received from or to be transmitted to the base station into a 
digital signal of a different transmission rate. 

According to still another aspect of the present invention, 
a communication system includes base station equipment 
connected to a public telephone line, and at least one 
terminal equipment coupled to the base station equipment 
via a radio communication line. Specifically the base station 
equipment includes a separate first station digital signal 
processing circuit provided corresponding to each message 50 
channel. For each such channel, its associated first digital 
signal processing circuit converts, on a digital-to-digital 
basis, a digital signal applied from the public telephone line 
or the terminal side equipment into a digital signal of a 
different transmission rate according to a given low bit rate 
coding/decoding program. The base station equipment also 
includes a plurality of memories for respectively storing a 
plurality of low bit rate coding/decoding programs different 
from each other, a RAM for temporarily storing any of the 
plurality of low bit rate coding/decoding programs, and a 60 
system control circuit for detenmning the low bit rate 
coding/decoding method of the applied digital signal so as to 
select a memory, out of the plurality of memories, that stores 
the low bit rate coding/decoding program corresponding to 
the determined low bit rate coding/decoding method and for 
transferring the low bit rate coding/decoding program stored 
therein to the RAM, within appropriate ones of the channels. 
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within each channel the digital signal processing circuit then 
converts on a digital-to-digital basis, the applied digital 
signal according to the low bit rate coding/decoding pro- 
gram transferred to and stored in the RAM therein. The side 
equipment also includes a second digital signal processing 
circuit for converting, on a digital-to-digital basis converting 
a digital signal received from or to be transmitted to the base 
station equipment into a digital signal of a different trans- 
mission rate according to the low bit rate coding/decoding 
program. 

The main advantage of the present invention is that low 
bit rate coding and decoding of a digital signal can be carried 
out reliably even when a plurality of digital signals to be 
coded in different low bit rate coding methods are mixed and 
provided because the low bit rate coding method of the 
supplied digital signal is detected and a memory storing a 
digital to digital conversion program corresponding to the 
detection result is selected. 

Another advantage of the present invention is that the 
manufacturing cost can be further reduced because a mini- 
mum number of memories for storing different low bit rate 
coding/decoding programs are provided corresponding to 
the number of the low bit rate coding methods and one RAM 
is used as the memory for temporarily storing the corre- 
sponding program in the digital signal processing apparatus 
of each channel. 

The foregoing and other objects, features, aspects and 
advantages of the present invention will become more 
apparent from the following detailed description of the 
present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a structure of an audio signal 
processing section of a conventional digital mobile commu- 
nication system. 

FIG. 2 is a block diagram schematically showing the 
structure of a conventional digital audio signal processing 
apparatus. 

FIG. 3 is a block diagram showing a structure of an audio 
signal processing section of a digital mobile communication 
system according to a first embodiment of the present 
invention. 

FIG. 4 is a block diagram showing a digital audio signal 
processing apparatus according to a first embodiment of the 
present invention. 

FIG. 5 is a block diagram showing a structure of an audio 
signal processing section of a digital mobile communication 
system according to a second embodiment of the present 
invention. 

FIG. 6 is a block diagram showing a digital audio signal 
processing apparatus according a second embodiment of the 
present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 3 is a block diagram showing a structure of an audio 
signal processing section of a digital mobile communication 
system according to a first embodiment of the present 
invention. The first embodiment of FIG. 3 is the same as the 
conventional digital communication system of FIG. 1 except 
for the points that will be described in the following, and 
description of common sections will not be repeated. More 
specifically, digital audio signal processing apparatuses 24a, 
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24b , . . . , 24m are provided instead of digital audio signal 
processing apparatuses 22a, 22&, . . . , 22m of FIG. 1. FIG. 
4 shows the structure of a digital audio signal processing 
apparatus 24a as an example. Referring to FIG. 3 again, a 
system control circuit 25 is provided in radio communica- 5 
tion line control station 2 for receiving signals from data 
multiplexing and separating circuits 21 and 23 and control- 
ling the operation of digital audio signal processing appa- 
ratuses 24a, 24b , ... , 24m. 

The details of the first embodiment of the present inven- 10 
tion will be described with reference to FIGS. 3 and 4. In 
FIG. 4, for simplification of the illustration, the echo can- 
celer is omitted. Referring to FIG. 4, each of digital audio 
signal processing apparatuses 24a, 24b , . . . , 24m includes 
a digital signal processing circuit 31. Digital signal process- 
ing circuit 31 receives a digital audio signal of 64 kbps 
(u-law PCM signal) from data multiplexing and separating 
circuit 21 (FIG. 3) via an input terminal 36 to low bit rate 
encode that signal. A resulting encoded signal is provided to 
data multiplexing and separating circuit 23 (FIG. 3) via an 
output terminal 38. At the time of reception, digital signal 20 
processing circuit 31 receives a low bit rate encoded digital 
audio signal from data multiplexing and separating circuit 
23 via input terminal 37 to decode that signal into a digital 
audio signal of 64 kbps. This decoded signal is provided to 
data multiplexing and separating circuit 21 via output ter- 25 
minal 35. 

Memories (ROM) 33 and 34 store signal processing 
programs for digital to digital conversion of transmission 
rates different from each other that can be executed in digital 3Q 
signal processing circuit 31. For example, similar to memory 
10 of FIG. 2, memory 33 stores a program for executing an 
algorithm and processing routine for low bit rate coding 
method by the VSELP technique. Memory 34 stores a 
different program for executing an algorithm and a process- 3J 
ing routine for a low bit rate coding method having a 
transmission rate lower than that of the VSELP method. The 
program read out from either memory 33 or 34 is selectively 
supplied to digital signal processing circuit 31 via a selector 
32 which is switching-controlled in accordance with an 4Q 
output of system control circuit 25. 

System control circuit 25 detects the low bit rate coding 
method of a digital audio signal to be digital to digital 
converted by digital signal processing circuit 31 for each 
message channel in response to a signal from data multi- 45 
plexing and separating circuit 21 at the time of transmission 
and a signal from data multiplexing and separating circuit 23 
at the time of reception. Control signals, such as a mode 
designating signal and various timing signals, are provided 
to digital signal processing circuit 31 for each digital audio 50 
signal processing apparatus. Also, a switching control signal 
is supplied to the control input of selector 32. The detection 
of a coding method for each message channel can be carried 
out by detecting the terminal equipment type information 
included in the control signal by system control circuit 25 in 55 
receiving the control signals according to the standards such 
as CCIR and CCITT prior to the establishment of each 
message channel, for example. The detection of a low bit 
rate coding method is not limited to this and may be carried 
out at any other circuit portion. go 

When system control circuit 25 determines that the low 
bit rate coding method that should be processed at digital 
signal processing circuit 31 of a certain message channel is 
the VSELP method, system control circuit 25 supplies 
various control signals to the digital signal processing circuit 65 
31 of the corresponding message channel and a switching 
control signal to selector 32 for selecting the output of 



183 

8 

memory 33. Selector 32 responds to this switching control 
signal to select the program stored in memory 33 to provide 
this program to digital signal processing circuit 31. 

Digital signal processing circuit 31 low bit rate encodes a 
digital audio signal of 64 kbps provided from input terminal 
36 into a digital audio signal of 1 1.2 kbps according to this 
program to provide the same via output terminal 38 at the 
time of transmission. Digital signal processing circuit 31 
decodes the low bit rate encoded digital audio signal of 1 1.2 
kbps provided from input terminal 37 into a digital audio, 
signal of 64 kbps according to this program at the time of 
reception. The decoded signal is then provided as output via 
output, terminal 35. 

When system control circuit 25 determines that the low 
bit rate coding method to be processed by digital signal 
processing circuit 31 of a certain message channel is a 
method having a transmission rate lower than that of the 
VSELP method, system control circuit 25 supplies various 
control signals to the digital signal processing circuit 31 of 
the corresponding message channel and a switching control 
signal to selector 32 for selecting the output of memory 34. 
Selector 32 responds to this switching control signal to 
select the program stored in memory 34 to provide this 
program to digital signal processing circuit 31. 

Therefore, digital signal processing circuit 31 low bit rate 
encodes a digital audio signal of 64 kbps provided from 
input terminal 36 into a digital audio signal of a transmission 
rate lower than 11.2 kbps according to this program at the 
time of transmission. The encoded signal is then provided as 
output via output, terminal 38. Digital signal processing 
circuit 31 decodes a low bit rate encoded digital audio signal 
of a transmission rate lower than 11.2 kbps from input 
terminal 37 into a digital audio signal of 64 kbps according 
to this program at the time of reception. The decoded signal 
is output via output terminal 35. 

Thus, according to the first embodiment of the present 
invention, the low bit rate coding method of a supplied 
digital audio signal is detected, whereby a memory storing 
a digital to digital conversion program corresponding to the 
detection result is selected. Therefore, low bit rate coding 
and decoding of a digital audio signal can reliably be carried 
out even in the case where a mixture of a plurality of digital 
audio signals to be decoded by different coding methods are 
provided. 

FIG. 5 is a block diagram showing a structure of an audio 
processing section of a digital mobile communication sys- 
tem according to a second embodiment of the present 
invention. The second embodiment of FIG. 5 is the same as 
the first embodiment of FIG. 3 except for the points that will 
be described in the following, and description of the com- 
mon sections will not be repeated. More specifically, digital 
audio signal processing apparatuses 26a, 266, . . . , 26m are 
provided instead of digital audio signal processing appara- 
tuses 24a, 2Ab 24m of FIG. 3. FIG. 6 shows a structure 

of a digital audio signal processing apparatus 26a as an 
example. Referring to FIGS. 5 and 6, a system control circuit 
27 receive signals from data multiplexing and separating 
circuits 21 and 23 for detecting the low bit rate coding 
method of a digital audio signal to be digital to digital 
converted by digital signal processing circuit 31 for each 
message channel. 

Signal processing programs for carrying out digital to 
digital conversion of different transmission rates executable 
in digital signal processing circuit 31 are stored in read only 
memories (ROM) 36 and 37. Similar to memory 33 of FIG. 
4, memory 36, for example, stores programs for executing 
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an algorithm and a processing routine for a low bit rate 
coding method of the VSELP technique. Similar to memory 
34 of FIG. 4, memory 37 stores a different program for 
executing an algorithm and a processing routine for a low bit 
rate coding method of a transmission rate lower than the 5 
VSELP method. The program read out from either memory 
36 or 37 is selectively supplied to memory (RAM) 39 for 
temporary storage by system control circuit 27. 

When system control circuit 27 determines that the low 
bit rate coding method to be processed by digital Signal 10 
processing circuit 31 of a certain message channel is the 
VSELP method, system control circuit 27 applies control 
signals, such as a mode designating signal and various 
timing signals, to the digital signal processing circuit 31 of 
the corresponding channel, and transfers the program stored 
in memory (ROM) 36 to memory (RAM) 39. 

Therefore, digital signal processing circuit 31 low bit rate 
encodes a digital signal of 64 kbps supplied from input 
terminal 36 into a digital audio signal of 11 2 kbps according 
to the program stored in memory (RAM) 39 at the time of 
transmission. The encoded signal is output via output ter- 
minal 38. At the time of reception, digital signal processing 
circuit 31 decodes a low bit rate encoded digital audio signal 
of 11.2 kbps provided from input terminal 37 into a digital 
audio signal of 64 kbps according to the program stored in 
memory (RAM) 39. The decoded signal is then applied as 25 
output via output, terminal 35. 

When system control circuit 27 determines that the low 
bit rate coding method to be processed by digital signal 
processing circuit 31 of a certain message channel has a 
transmission rate lower than the VSELP method, system 
control circuit 27 supplies to the digital signal processing 
circuit 31 of the corresponding channel control signals, such 
as a mode designating signal and various timing signals, and 
transfers the program stored in memory (ROM) 37 to 
memory (RAM) 39. 

Therefore, digital signal processing circuit 31 low bit rate 
encodes a digital audio signal of 64 kbps provided from 
input terminal 36 into a digital audio signal of a transmission 
rate lower than 1 1 .2 kbps according to the program stored in ^ 
memory (RAM) 39 at the time of transmission. The encoded 
signal is then applied as output, via output terminal 38. At 
the time of reception, digital signal processing circuit 31 
decodes a low bit rate encoded digital audio signal having 
the transmission rate lower than 11.2 kbps provided from 45 
input terminal 37 into a digital audio signal of 64 kbps 
according to the program stored in memory (RAM) 39. The 
decoded signal is output via output terminal 35. 

Thus, according to the second embodiment of the present 
invention, only the minimum required number of expensive 5 q 
memories (ROM) storing programs of different low bit rate 
coding methods are provided corresponding to the types of 
coding methods, and only one less expensive RAM is used 
as the memory for temporarily storing the program of the 
corresponding coding method in the digital audio signal 55 
processing apparatus of each message channel. Therefore, 
the manufacturing cost of second embodiment is less than 
the first embodiment of FIG. 4 where two ROMs are used for 
each message channel. 

Although the low bit rate coding method of a provided 60 
digital signal is determined by system control circuits 25 or 
27 according to signals from data multiplexing and separat- 
ing circuits 21 and 23 in the above-described embodiments, 
the present invention may be implemented so that a signal 
indicating a low bit rate coding method is directly supplied 65 
to system control circuits 25 or 27 via a terminal 29, as 
shown in FIGS. 4 and 6. 
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Although the above embodiments have been described in 
which the present invention is applied to a low bit rate 
coding of a digital audio signal in a digital mobile commu- 
nication system, the present invention is applicable to other 
digital signals such as a video signal. 

Although the present invention has been described and 
illustrated in detail, it is clearly understood that the same is 
by way of illustration and example only and is not to be 
taken by way of limitation, the spirit and scope of the present 
invention being limited only by the terms of the appended 
claims. 

What is claimed is: 

1. A communication system comprising: 

a base station side equipment connected to a public 
telephone line; and 

at least one terminal side equipment coupled to said base 
station side equipment via a radio communication line, 

wherein said base station side equipment comprises: 
abase station side signal processing means correspond- 
ing to each of a plurality of message channels, said 
base station side signal processing means converting, 
on a digital-to-digital basis, a digital signal having a 
first transmission rate and applied from said public 
telephone line into a digital signal having one of a 
plurality of second transmission rates, each of said 
plurality of second transmission rates being less than 
the first transmission rate, and converting, on a 
digital-to-digital basis, a digital signal having one of 
said plurality of second transmission rates and 
applied from said terminal side equipment, into a 
digital signal having the first transmission rate; 
a plurality of storage means for respectively storing a 
plurality of different low bit rate coding/decoding 
programs; 

control means for determining a low bit rate coding/ 
decoding method of said applied digital signal to 
control said base station side signal processing 
means based on the result of the determination; and 
selecting means for selecting a storage means, from 
said plurality of storage means, storing a low bit rate 
coding/decoding program corresponding to the low 
bit rate coding/decoding method determined by said 
control means, 
wherein said base station side signal processing means 
carries out the digital to digital conversion according to 
the low bit rate coding/decoding program stored in the 
storage means selected by said selecting means, and 
wherein said terminal side equipment comprises a termi- 
nal side signal processing means for converting, on a 
digital-to-digital basis, a digital signal having one of 
the plurality of second transmission rates and received 
from said base station side equipment into a digital 
signal of a higher transmission rate according to the 
low bit rate coding/decoding program and converting, 
on a digital-to-digital basis, a digital signal having the 
higher transmission rate and to be transmitted to the 
base station side equipment into a digital signal having 
one of the plurality of second transmission rates. 

2. The communication system according to claim 1, 
wherein said control means comprises means for detecting 
the low bit rate coding/decoding method of said applied 
digital signal directly from said applied digital signal itself. 

3. The communication system according to claim 1, 
wherein said control means comprises means for receiving 
a signal indicating the low bit rate coding/decoding method 
of said applied digital signal separately from said applied 
digital signal itself. 



Page 12 (PNguyen3, 11/01/2000, EAST Version: 1.01.0015) 



5,490,183 



11 



12 



10 



4. The communication system according to claim 1, 
wherein said base station side equipment further comprises 

means for digitally modulating a digital signal to said 
terminal side equipment and demodulating a digital 
signal from said terminal side equipment, 

first data multiplexing and separating means for carrying 
out data multiplexing and separation between said 
public telephone line and said base station side signal 
processing means, and 

second data multiplexing and separating means for car- 
rying out data multiplexing and separation between 
said means for digitally modulating and demodulating 
and said base station side signal processing means. 

5. A communication system comprising: 15 
a base station side equipment connected to a public 

telephone line; and 
at least one terminal side equipment coupled to said base 

station side equipment via a radio communication line, 
wherein said base station side equipment comprises: 20 

a base station side signal processing means correspond- 
ing to each of a plurality, of massage channels, said 
base station side signal processing means converting, 
on a digital-to-digital basis, a digital signal having a 
first transmission rate and applied from said public 25 
telephone line into a digital signal having one of a 
plurality of second transmission rates, each of said 
plurality of second transmission rates being less than 
the first transmission rate, and converting, on a 
digital-to-digital basis, a digital signal having one of 30 
said plurality of second transmission rates and 
applied from said terminal side equipment, into a 
digital signal having the first transmission rate; 

a plurality of storage means for respectively storing a 
plurality of different low bit rate coding/decoding 35 
programs; 

temporary storage means for temporarily storing any of 
said plurality of different low bit rate coding/decod- 
ing programs; 

control means for determining a low bit rate coding/ 40 
decoding method of said applied digital signal to 
select a storage means, from one of the plurality of 
storage means, storing a low bit rate coding/decod- 



ing program corresponding to the determined low bit 
rate coding/decoding method and transfer the low bit 
rate coding/decoding program stored therein to said 
temporary storage means, 
wherein said base station side signal processing means 
carries out the digital to digital conversion according to 
the low bit rate coding/decoding program transferred to 
and stored in said temporary storage means, and 
wherein said terminal side equipment comprises a termi- 
nal side signal processing means for converting, on a 
digital-to-digital basis, a digital signal, having one of 
the plurality of second transmission rates received from 
said base station side equipment into a digital signal of 
a higher transmission rate according to the low bit rate 
coding/decoding program, and converting, on a digital- 
to-digital basis, a digital signal, having the higher 
transmission rate and to be transmitted to the based 
station side equipment into a digital signal having one 
of the plurality of second transmission rates. 

6. The communication system according to claim 5, 
wherein said control means comprises means for detecting 
the low bit rate coding/decoding method of said applied 
digital signal directly from said applied digital signal itself. 

7. The communication system according to claim 5, 
wherein said control means comprises means for receiving 
a signal indicating the low bit rate coding/decoding method 
of said applied digital signal separately from said applied 
digital signal itself. 

8. The communication system according to claim 5, 
wherein said base station side equipment further comprises 

means for digitally modulating a digital signal to said 
terminal side equipment and demodulating a digital 
signal from said terminal side equipment, 

first data multiplexing and separating means for carrying 
out data multiplexing and separation between said 
public telephone line and said base station side signal 
processing means, and 

second data multiplexing and separating means for car- 
rying out data multiplexing and separation between 
said means for digitally modulating and demodulating 
and said base station side signal processing means. 
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